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The  overall  goal  of  this  relatively  small  contractural 
effort  is  to  provide  technical  assistance  to  Dr.  Frank 
Patten  (DARPA)  in  evaluating  data  on  materials,  especially 
polymers,  that  may  be  useful  in  the  development  of  optical 
limiters  for  the  protection  of  eyes  and  electr<^optic 
sensors  from  exposure  to  damaging  levels  of  laser 
radiation.  A  major  task  is  to  assist  in  the  development  of 
a  predictative  capability  in  assessing  the  viability  of 
various  protective  approaches  and  to  determine  the 
theoretical  limitations  which  may  exist  in  the  use  of 
organic  materials  as  optical  switches  and  limiters.. 

The  rate  at  which  optical  switches  may  be  activated  is 
limited  by  the  intensity  of  the  activating  radiation  and 
the  basic  process  responsible  for  switching.  Phase 
transitions  require  milliseconds  to  seconds  to  respond, 

Kerr  cells  operate  in  the  10”^  to  10“'  sec  jange, 
molecular  reorientations  require  10“°  to  10“^^  seconds 
and  pure  electronic  transiitions  take  place  in  the  10“® 
to  10”^^  second  range.  Simply  because  a  given  molecular 
transition  takes  place  rapidly  does  not  mean  that, 
collectively,  sufficient  molecules  can  be  made  to  undergo 
transitions  in  short  enough  times  to  serve  as  an  effective 
optical  switch  or  limiter.  Reponse  times  for  a  light 
driven  device  as  a  whole  are  controlled  not  only  by  the 
response  time  of  individual  molecules  but  the  rate  at  which 
photons  responsible  for  switching  are  absorbed  by  the 
system  in  order  to  induce  switching.  At  the  same  time,  one 
must  consider  whether  the  transparency  of  the  system  under 
ambient  illumination  is  adequate  for  its  intended  use  and 
whether  the  material  can  disipate  the  absorbed  energy 
without  irreversible  damage  to  the  system. 


^  search  of  the  literature  has  been  initiated  in  an  attempt 
to  gather  into  one  table  the  magnitude  of  the  non-linear 
optical  properties  of  various  organic  materials  as  a 
function  of  molecular  structure.  The  search  includes 
research  activities  supported  by  the  Federal  Government  as  ^ 
well  as  the  open  literature.^^ A  partial  list  of  references  ^ 
currently  being  documented  a^xear  as  Appendix  A  of  this  ^ 
report.  The  next  quarterly  report  should  contain  a  partial ^ 
table  of  materials  vs.  NLO  pro{^rties.  It  is  anticipated 
that  this  table  will  represent /a  "living  document", 
continuously  updated  as  the  NLO  properties  of  experimental  i 
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Frequent  conversations  have  been  held  with  Dr.  Frank  Patten 
(DARPA)  with  regard  to  the  direction  of  this  effort.  At 
his  request,  initial  contact  has  been  made  with  Dr.  Marshal 
Sparks  of  BDM  Corp.  (Calif.).  It  is  anticipated  that  we 
will  team  in  developing  a  model  capable  of  predicting  the 
theoretical  limitations  which  may  exist  in  using  various 
materials  as  optical  switches  or  limiters  in  the  protection 
of  eyes  and  sensors.  The  Principal  Investigator  attended 
the  two  day  Technical  Steering  Committee  meeting  held  in 
Crystal  City,  Virginia,  24-25  January  1989.  It  is 
anticipated  that  he  will  attend  the  SPIE  meeting  in  late 
March  in  Orlando,  Florida  which  will  be  dedicated  to  Sensor 
Protection. 

A  recent  and  related  synthetic  chemistry  research  effort 
has  been  initiated  within  the  Chemistry  Department  at 
George  Mason  University  in  developing  new  organic  molecules 
and  polymers  which  may  have  enhanced  non-linear  optical 
properties,  especially  ladder  polymers,  including  those 
containing  heterocyclic  groups. 

The  Principal  Investigator  is  coordinating  his  activities 
with  the  Chemistry  Division  of  the  Naval  Research 
Laboratory  in  Washington,  D.  C.  in  order  to  avoid 
duplication  of  effort  and  to  maximize  research  efficiency. 


APPENDIX  A 


Technical  References 
Used  In 

Development  of  Table 
of 

Non-Linear  Optical  Properties  of  Organics 
As  A  Function  Of 
Molecular  Structure 


To  accompany  "First  Quarterly  Technical  Report" 


REFERENCES 

[1]  Laser  Institute  of  America,  "American  National  Standard  for 
the  Safe  Use  of  Lasers,  ANSI  Z  136.1,"  Toledo,  Ohio,  1986. 

[2]  Sliney,  D.,  Wolbarsht,  M.,  Safety  with  Lasers  and  Other 
Optical  Sources;  A  Comprehensive  Handbook.  Plenum  Press: New 
York,  1985. 

[3]  Nordwall,  Bruce,  "Laser  Advances  Spur  Pentagon  Efforts  to 
Protect  Flight  Crew  Member's  Eyes,"  Aviation  Week  and  Space 
Technology,  February  (1988)  73-74. 

[4]  Briefing  Outline  Packet  "Laser  Eye  Protection  Program  for 
Navy/Marine  Corps  Aviators,"  CNAP  Laser  Protection  and 
Countermeasures  Workshop,  December,  1987. 

[5]  Garito,  A.,  Singer,  K.,  "Organic  Crystals  and  Polymers  -  A 
New  Class  of  Nonlinear  Optical  Materials,"  Laser  Focus 
(1982)  59-64. 

[6]  Heflin,  J.,  Wong,  K.,  Zamani-Khamiri,  0.,  Garito,  A. 

"Recent  Developments  in  Microscopic  Descriptions  of  the 
Nonlinear  Optical  Properties  of  Organic  and  Polymer 
Structures,"  SPIE  Spatial  Light  Modulators  and 
Applications  825  (1987)  56-68. 

171  Garito,  A.,  Government  Report  AD-A172  024,  1986. 

[8]  Garito,  A.,  Teng,  C.,  Wong,  K.,  Zammani-Khamiri,  0. 
"Molecular  Optics:  Nonlinear  Optical  Processes  In  Organic 
and  Polymer  Crystals,"  Mol.  Cryst.  Liq.  Cryst.  106  (1984) 
219-258. 

[9]  Prasad,  P.  "Non-Linear  Optical  Effects  in  Thin  Organic 
Polymeric  Films,"  Thin  Solid  Films  152  (1987)  275-294. 

[10]  Garito,  A.,  Teng,  C.,  "Nonlinear  optical  processes  in 
organic  media:  large  non-resonant  third  order  electronic 
responses  in  high  performance  liquid  crystal  polymer 
structures,"  SPIE  Nonlinear  Optics  and  Applications  613 
(1986)  146-152. 

[11]  Goodwin,  M.J.,  Edge,  C.,  Trundle,  C.,  Bennion,  I., 
"Intensity-dependent  birefringence  in  nonlinear  organic 
polymer  waveguides,"  J.  Opt.  Soc.  Am.  B5  (1988)  419-424. 

[12]  Singer,  K.D.,  Lalama,  S.J.,  Sohn,  J.E.,  "Organic  Nonlinear 
optical  materials,"  SPIE  Integrated  Optical  Circuit 
Engineering  II  578  (1985)  130-136. 


[13]  Rao,  D.N.,  Swiatkiewicz,  J.,  Chopra,  P.,  Ghoshal,  S.K., 
Prasad.,  P.N.,  "Third  order  nonlinear  optical  interactions 
in  thin  films  of  poly-p-phenylenebenzobisthiazole  polymer 
investigated  by  picosecond  and  subpicosecond  degenerate  four 
wave  mixing,"  Appl.  Phys.  Lett.  48  (1986)  1187-1189. 

[14]  Lytel,  R.,  Lipscomb,  G.F.,  Thackara,  J.,  Altman,  J., 
Elizondo,  P.,  Stiller,  M.,  Sullivan,  B.,  "  Nonlinear  and 
Electro-Optic  Organic  Devices,"  in  Prasad,  P.,  Ulrich,  D. 
(ed.).  Nonlinear  Optical  and  Electroactive  Polymers. 

Plenum  Press: New  York,  1988. 

[15]  Garito,  A.F.,  Wong,  K.Y.,  Cai,  Y.M.  Man,  H.T., 
Zamani-Khamiri,  0.,  "Fundamental  nonlinear  optics  issues  in 
organic  and  polymer  systems,"  SPIE  Molecular  and  Polymeric 
Optoelectronic  Materials:  Fundamentals  and  Applications  682 
(1986)  2-11. 

[16]  Rao,  D.N.,  Chopra,  P.,  Ghoshal,  S.K.,  Swiatkiewicz,  J., 
Prasad,  P.N.,  "Third-order  nonlinear  optical  interaction  and 
conformational  transition  in  poly-4-BCMU  polydiacetylene 
studied  by  picosecond  and  subpicosecond  degenerate  four  wave 
mixing,"  J.  Chem  Phys  84  (1986)  7049-7050. 

[17]  Williams,  D.  (ed.).  Nonlinear  Optical  Properties  of  Organic 
and  Polymeric  Materials.  ACS  Symp.  Ser.  No.  233, 

ACS : Washington,  D.C.,  1983. 

[18]  Prasad,  P.,  Ulrich,  D.  (ed.).  Nonlinear  Optical  and 
Electroactive  Polymers.  Plenum  Press: New  York,  1988. 

[19]  Chemla,  D.,  Zyss,  J.  (ed.).  Nonlinear  Optical  Properties  of 
Organic  Molecules  and  Crystals.  Volumes  1  and  2.  Academic 
Press :New  York,  1987. 

[20]  Khanarian,  G.  (ed.).  Molecular  and  Polymeric  Optoelectronic 
Materials:  Fundamentals  and  Applications.  Proceedings  of 
SPIE,  Volume  682,  SPIE: Washington,  1986. 

[21]  Musikant,  S.  (ed.).  Advances  in  Materials  for  Active  Optics. 
Proceedings  of  SPIE,  Volume  567,  SPIE: Washington,  1985. 

[22]  Lewis,  Aaron,  Del  Priore,  Lucian,  "The  Biophysics  of  Visual 
Photoreception,"  Physics  Today,  January  (1988)  38-46. 

[23]  McCally,  R.,  Farrell,  R.,  Bargeron,  C.,  Kues,  H., 

Hochheimer,  B.,  "Nonionizing  Radiation  Damage  In  The  Eye," 
Johns  Hopkins  APL  Technical  Digest  7  (1986)  73-91. 


[24]  Material  obtained  from  a  research  proposal  submitted  to  the 
Army,  CNVEO,  Ft.  Belvoir,  VA  by  Battelle  -  Columbus,  1988. 


1251  Auston,  D.H.,  et  al . ,  "Research  on  nonlinear  optical 
materials:  an  assessment,"  Applied  Optics  26  (1987) 

211-234. 

[26]  Fisher,  R.  (ed.),  Optical  Phase  Conjugation.  Academic:New 
York,  1983. 

[27]  Some  examples: 

(a)  Kryukov,  P.G.,  Matveiets,  Y.A.,  Nikogosyan,  N.D., 
Sharkov,  A.V.,  Gordeiev,  E.M.,  Franchenko,  S.D., 
"Generation  of  frequency-tunable  single  ultrashort  light 
pulses  in  a  LiI03  crystal,"  Sov.  J.  Quantum  Electron.  7 
(1977)  127-128. 

(b)  Akhmanov,  S.A.,  Kovrygin,  A. I.,  Kolosov,  V.A., 

Piskarkas,  A.S.,  Fadeiev,  V.V.,  Khokhlov,  R.V., 

"Tunable  parametric  generator  with  KDP  crystal,"  JETP 
Lett.  3  (1966)  241-245. 

(c)  Goldberg,  L.S.,  "Optical  parametric  oscillation  in 
lithium  iodate,"  Appl.  Phys.  Lett.  5  (1964)  234-236. 

(d)  Izrailenko,  A, I.,  Kovrygin,  A. I.,  Nikles,  R.V., 
"Parametric  generation  of  light  in  high  efficiency  LiI03 
and  alpha-HI03,"  JETP  Lett.  12  (1970)  331-333. 

(e)  Boyd,  G.D.,  Miller,  R.C.,  Nassau,  K.,  Bond,  W.L., 

Savage,  A.,  "LiNb03,  an  efficient  phase-matched 
nonlinear  optical  material,"  Appl.  Phys.  Lett.  5  (1964) 
234-236. 

(f)  Zumsteg,  F.C.,  Bierlein,  J.D.,  Gier,  T.E., 

"KjjRbi _xTi0P04 :  a  new  nonlinear  optical  material,"  J. 
Appl.  Phys.  47  (1976)  4980-4985. 

[28]  Nasu,  H.,  Mackenzie,  J.D.,  "Nonlinear  optical  properties  of 
glasses  and  glass-  or  gel-based  composites,"  Optical 
Engineering  26  (1987)  102-106. 

[29]  Roussignol,  P.,  Ricard,  D.,  Lukasik,  J.,  Flytzanis,  C.,  "New 
results  on  optical  phase  conjugation  in  semiconductor-doped 
glasses,"  J.  Opt.  Soc.  Am.  B4  (1987)  5-13. 

[30]  Flytzanis,  C.,  Oudar,  J.,  (ed.)  Nonlinear  Optics:  Materials 
and  Devices:  Sorinoer  Proceedings  in  Physics  7.  Springer- 
Verlag:  New  York,  1985. 

[31]  Henneberger,  F.,  Woggon,  U.,  Puls,  J.,  Spielgelberg,  Ch., 
"Exciton-Related  Optical  Nonlinearities  in  Semiconductors 
and  Semiconductor  Microcrystallites,"  Appl.  Phys.  B  46 
(1988)  19-25. 

[32]  Broser,  I.,  Gutowski,  J.,  "Optical  Nonlinearity  of  CdS, 

Appl.  Physics  B46  (1988)  1-19. 


II 


[33]  Ewbank,  M.D.,  "Laser  Hardened  Materials  Program  Review,  SLA 
Session,"  Kossiakoff  Conference  and  Eduaction  Center, 

Applied  Physics  Laboratory,  Johns  Hopkins  University, 
September  1988;  Information  obtained  from  Rockwell 
International  Science  Center  research  proposal  submitted  to 
the  Army,  CNVEO,  Ft.  Belvoir,  VA.,  1988 

[34]  Kajzar,  F.,  Messier,  J.,  "Cubic  nonlinear  optical  effects  in 
conjugated  polymers,"  Polymer  Journal  19  (1987)  275-284. 

[35]  Egbert,  W.  "Modeling,  synthesis,  and  characterization  of 
organic  nonlinear  optical  materials,"  SPIE  Advances  in 
Nonlinear  Polymers  and  Inorganic  Crystals.  Liquid  Crystals 
and  Laser  Media  824  (1987)  107-114. 

[36]  Ulrich,  D.R.,  "Multifunctional  macromolecular 
ultrastructures:  Introductory  Comments,"  Polymer  (Conference 
issue)  26  (1987)  533-542. 

[37]  Ulrich,  D.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific 

Research: National  Academy  of  Sciences,  Washington,  D.C., 
April,  1988. 

[38]  Ulrich,  D.,  "Topical  Workshop  on  Organic  and  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  May,  1988. 

[39]  Holman,  R.L.,  Johnson,  L.M.,  Skinner,  D.P.,  "Desirability 
of  electro-optic  materials  for  guided-wave  optics," 

Optical  Engineering  26  (1987)  134-142. 

[40]  Kowel,  S.T.,  Ye,  L.,  Zhang,  Y.,  Hayden,  L.M.,  "Organic  and 
polymeric  thin  films  for  nonlinear  optics,"  Optical 
Engineering  26  (1987)  107-112. 

[41]  Williams,  D.,  "Organic  Polymeric  and  Non-Polymeric  Materials 
with  Large  Optical  Nonlinearities,"  Angew.  Chem.  Int.  Ed. 
Engl.  23  (1984)  690-703. 

[42]  Norman,  P.,  Bloor,  D.,  Obhi,  J.,  Karaulov,  S.  Hursthouse, 

M.,  Kolinsky,  P.,  Jones,  R.,  Hall,  S.  "Efficient  second- 
harmonic  generation  in  single  crystals  of  2-(N,N- 
dimethylamino)-5-nitroacetanilide, "  J.  Opt.  Soc.  Am.  B4 
(1987)  1013. 

[43]  Cross,  G.,  Girling,  I.,  Peterson,  I.,  Cade,  N.,  Earls,  J. 
"Optically  nonlinear  Langmuir-Blodgett  films:  linear 
electro-optic  properties  of  monolayers,"  J.  Opt.  Soc.  Am. 

B4  (1987)  962-967. 

[44]  Kowel,  S.T.,  Ye,  L.,  Zhang,  Y.,  "Organics  and  Polymers  for 
Active  Optics:  An  Assessment,"  SPIE  Advances  in  Materials 
for  Active  Optics  567  (1985)  44-51. 


[45]  Vidakovic,  P.,  Coquillay,  M. ,  Salin,  F.  '*N- { 4-nitrophenyl ) - 

N-methylamino-aceto-nitrile:  a  new  organic  material  for 

efficient  second-harmonic  generation  in  bulk  and  waveguide 
configurations.  I.  Growth,  crystal  structure,  and 
characterization  of  organic  crystal-cored  fibers,"  J.  Opt. 
Soc.  Am.  B4  (1987)  998-1012. 

[46]  Prasad,  P.N.,  "Nonlinear  optical  interactions  in  polymer 
thin  films,"  SPIE  Molecular  and  Polymeric  Optoelectronic 
Materials:  Fundamentals  and  Applications  682  (1986) 

120-124. 

[47]  Lipscomb,  G.F.,  et  al.,  "Optical  nonlinearities  in  organic 
materials"  fundamentals  and  device  applications,"  SPIE 
Molecular  and  Polymeric  Optoelectronic  Materials: 
Fundamentals  and  Applications  682  (1986)  125-131. 

[48]  Garito,  A.,  Cai,  Y.,  Man,  H.,  Zamani-Khamiri,  O.  Chapter  14: 
"Nonlinear  Optics:  Organic  and  Polymeric  Systems,"  in  ACS 
Symposium  Series  337  (1987)  177-189. 

[49]  Zyss,  J.,  Chemla,  D.,  "Chapter  II-1.  Quadratic  Nonlinear 
Optics  and  Optimization  of  the  Second-Order  Nonlinear 
Optical  Response  of  Molecular  Crystals,"  in  Chemla,  D., 

Zyss,  J.  (ed.).  Nonlinear  Optical  Properties  of  Organic 
Molecules  and  Crystals.  Volume  1.  Academic  Press: New  York, 
1987. 

[50]  Pugh,  D.,  Morley,  J.O.,  "Chapter  II-2.  Molecular 
Hyperpolarizabilities  of  Organic  Materials,"  in  Chemla,  D., 
Zyss,  J.  (ed.).  Nonlinear  Optical  Properties  of 

Organic  Molecules  and  Crystals.  Volume  1.  Academic 
Press: New  York,  1987. 


[51]  Nicoud,  J.F.,  Twieg,  R.J.,  "Chapter  II-3.  Design  and 
Synthesis  of  Organic  Molecular  Compounds  for  Efficient 
Second-Harmonic  Generation,"  in  Chemla,  D.,  Zyss,  J.  (ed.). 
Nonlinear  Optical  Properties  of  Organic  Molecules  and 
Crystals.  Volume  1.  Academic  Press: New  York,  1987. 

[52]  Kajzar,  F.,  Messier,  J.,  "Cubic  hyperpolarizablitities  and 
local  electric  field  in  alkanes  and  substituted  alkanes,"  J. 
Opt.  Soc.  Am.  B4  (1987)  1040-1046. 

[53]  Ye,  C.,  Narks,  T.J.,  Yang,  J.,  Wong,  G.K.,  "Synthesis  of 
molecular  arrays  with  nonlinear  optical  properties. 

Second  -harmonic  generation  by  covalently  functionalized 
glassy  polymers,"  Macromolecules  20  (1987)  2322-2324. 

[54]  Levine,  B.F.,  "Donor-acceptor  charge  transfer  contributions 
to  the  second  order  hyperpolarizability,"  Chem.  Phys.  Lett. 
37  (1976)  516-520. 


[55]  Lipscomb,  G.F.,  Garito,  A.F,,  Narang,  R.S.,  "An 
exceptionally  large  linear  electro-optic  effect  in  the 
organic  solid  MNA,"  J.  Chem.  Phys  75  (1981)  1509-1516. 

[56]  Watanabe,  T.,  Yoshinaga,  K.,  Fichou,  D.,  Miyata,  S.,  "Large 
Second  Harmonic  Generation  in  Electrically  Ordered  p- 
Nitroaniline-Poly (oxyethylene)  'Guest-Host'  Systems,"  j. 
Chem.  Soc.,  Chem.  Comm.  (1988)  250-251. 

[57]  Willand,  C.,  Williams,  D.,  "Nonlinear  Optical  Properties  of 
Polymeric  Materials,"  Ber.  Bunsenges.  Phys.  Chem.  91  (1987) 
1304-1310. 

[58]  Lalama,  S.J.,  Singer,  K.D.,  Garito,  A.F.,  Desai,  K.N., 
"Exceptional  second-order  nonlinear  optical  susceptibilities 
of  quinoid  systems,"  Appl.  Phys.  Lett.  39  (1981)  940-942. 

[59]  Lipscomb,  G.F.,  Garito,  A.F.,  Narang,  R.S.,  "A  large  linear 
electro-optic  effect  in  a  polar  organic  crystal 
2-methyl-4-nitroaniline, "  Appl.  Phys.  Lett,  38  (1981) 
663-665. 

[60]  Teng,  C.C.,  Garito,  A.F.,  "Dispersion  of  the  nonlinear 
second-order  optical  susceptibility  of  an  organic  system: 
-Nitroaniline, "  Phys.  Rev.  Lett.  50  (1983)  350-352. 

[61]  Singer,  K.D.,  Garito,  A.F.,  "Measurements  of  molecular 
second  order  optical  susceptibilities  using  dc  induced 
second  harmonic  generation,"  J.  Chem.  Phys.  75  (1981) 
3572-3580. 

[62]  Ledoux,  I.,  Badan,  J.,  Zyss,  J.,  Migus,  A.  Hulin,  D., 
Etchepare,  J.,  Grillon,  G.,  Antonetti,  A.  "Generation  of 
high-peak-power  tunable  infrared  femtosecond  pulses  in  an 
organic  crystal:  application  to  time  resolution  of  weak 
infrared  signals,"  J.  Opt.  Soc.  Am.  B4  (1987)  987. 

[63]  Barzoukas,  M.,  Josse,  D.,  Fremaux,  P.,  Zyss,  J.,  Nicoud, 

J.,  Morley,  J.  "Quadratic  nonlinear  properties  of  N-(4- 
nitrophenyl ) -L-prolinol  and  of  a  newly  engineered  molecular 
compound  N-(4-nitrophenyl)-N-methylaminoacetonitrile:  a 
comparitive  study,"  J.  Opt.  Soc.  Am.  B4  (1987)  977. 

[64]  Singer,  K.,  Kuzyk,  M.,  Sohn,  J.  "Second-order  nonlinear- 
optical  processes  in  orientationally  ordered  materials: 
relationship  between  molecular  and  macroscopic  properties," 
J.  Opt.  Soc.  Am.  B4  (1987)  968-976. 

[65]  Marowsky,  G. ,  Gierulski,  A.,  Steinhoff,  R.,  Dorsch,  D., 
Eidenschnik,  R.,  Rieger,  B.  "Efficiency  studies  of  second- 
harmonic-active  organic  dye  coverages,"  J.  Opt.  Soc.  Am. 

B4  (1987)  956-961. 


[661  Girling,  I.,  Cade,  N.,  Kolinsky,  P.,  Jones,  R.,  Peterson, 

I. ,  Ahmad,  M.,  Neal,  D.,  Petty,  M.,  Roberts,  G.,  Feast,  W. 
"Second  harmonic  generation  in  mixed  hemicyanine:  fatty 
acid  T angmuir-Blodgett  monolayers,"  J.  Opt.  Soc.  Am.  B4 
(19«7)  950-954. 

[67]  Berkovic,  G.,  Rasing,  Th.,  Shen,  Y.  "Second-order 
nonlinear  polarizability  of  vaious  biphenyl  derivatives," 

J.  Opt.  Soc.  Am.  B4  (1987)  945-949. 

[68]  Teng,  C.,  Garito,  A.  "Dispersion  of  the  nonlinear  second- 
order  optical  susceptibility  of  organic  systems,"  Physical 
Review  B28  (1983)  6766-6773. 

[69]  Wang,  Y.,  Tam,  W.,  Stevenson,  S.,  Clement,  R.,  Calabrese,  J. 
"New  Organic  Non-Linear  Optical  Materials  of  Stilbene  and 
Diphenylacetylene  Derivatives,"  Chemical  Phy.  Lett.  148 
(1988)  136-141. 

[70]  Allen,  S.,  Morley,  J.O.,  "CNDOVSB  program  for  the 
calculation  of  second  order  molecular  polarizabilities," 

SPIE  Molecular  and  Polymeric  Optoelectronic  Materials: 
Fundamentals  and  Applications  682  (1986)  20-26. 

[71]  Pierce,  B.M.,  "Molecular  orbital  and  x-ray  diffraction 
studies  of  nonlinear  optical  and  structural  properties  of 
5-nitrouracil, "  SPIE  Molecular  and  Polymeric  Optoelectronic 
Materials:  Fundamentals  and  Applications  682  (1986)  27-35. 

[72]  Stamatoff,  J.B.,  et  al.,  "Development  of  polymeric  nonlinear 
optical  materials,"  SPIE  Molecular  and  Polymeric 
Optoelectronic  Materials:  Fundamentals  and  Applications  682 
(1986)  85-92. 

[73]  DeMartino,  R.N.,  Choe,  E.W.,  Khanarian,  G.,  Hass,  D., 

Leslie,  T.,  Nelson,  G.,  Stamatoff,  J.,  Stuetz,  D.,  Teng, 
C.C.,  Yoon,  H.,  "Development  of  Polymeric  Nonlinear  Optical 
Materials,"  in  Prasad,  P.,  Ulrich,  D.  (ed.).  Nonlinear 
Optical  and  Electroactive  Polymers.  Plenum  Press: New  York, 
1988. 

[74]  Garito,  A.F.,  Wong,  K.Y.,  "Nonlinear  optical  processes  in 
organic  and  polymer  structures,"  Polymer  J.  19  (1987) 

51-60. 

[75]  Oudar,  J.L.,  "Optical  nonlinearities  of  conjugated 
molecules.  Stilbene  derivatives  and  highly  polar  aromatic 
compounds,"  J.  Chem.  Phys.  67  (1977)  446-457. 

[76]  Dalton,  L.R.,  Thomson,  J.,  Nalwa,  H.S.,  "The  role  of 
extensively  delocalized  pi-electrons  in  electrical 
conductivity,  nonlinear  optical  properties  and  physical 
properties  of  polymers,"  Polymer  28  (1987)  543. 


[77]  Beratan  D.N.,  Onuchic,  J.N.,  Perry,  J.W./  "Nonlinear 
susceptibilities  of  finite  conjugated  organic  polymers,"  J. 
Phys.  Chem.  91  (1987)  2696-2698, 

[78]  Garito,  A.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific 

Research: National  Academy  of  Sciences,  Washington,  D.C., 
April,  1988. 

[79]  Garito,  A.,  "Topical  Workshop  on  Organic  and  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  May,  1988. 

[80]  Dalton,  L.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific 

Research: National  Academy  of  Sciences,  Washington,  D.C., 
April,  1988. 

[81]  Prasad,  P.,  "Topical  Workshop  on  Organic  and  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  May,  1988. 

[82]  Prasad,  P.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific 

Research : National  Academy  of  Sciences,  Washington,  D.C., 
April,  1988. 

[83]  Maloney,  C.,  Blau,  W. ,  "Resonant  third-order 
hyperpolarizabilities  of  large  organic  molecules,"  J.  Opt. 
Soc.  Am,  B4  (1987)  1035-1039. 

[84]  Lalama,  S.J.,  Garito,  A.F.,  "Origin  of  the  nonlinear  second- 
order  optical  susceptibilities  of  organic  systems,"  Phys. 
Rev.  A20  (1979)  1179. 

[85]  Garito,  A,  "Molecular  nonlinear  optics:  Nonlinear  optical 
process  in  organic  and  polymer  systems,"  SPIE  Advances  in 
Materials  for  Active  Optics  567  (1985)  51-55. 

[86]  Hermann,  J.P.,  Queuing,  J.,  "Third-order  polarizabilities  of 
long-chain  molecules,"  Journal  of  Applied  Physics  45  (1974) 
5100-5102. 

[87]  Hermann,  J.,  Ricard,  D.,  Queuing,  "Optical  Nonlinearities  in 
Conjugated  Systems:  beta-carotene,"  J.  Appl.  Phys.  Lett, 

23  (1973)  178-180. 

[88]  Zyss,  J.,  "Nonlinear  Organic  Materials  for  Integrated 
Optics:  a  Review,"  J.  Mol.  Electronics  1  (1985)  25-45 

[89]  Heeger,  A.J.,  Moses,  D.,  Sinclair,  M.,  "Semiconducting 
polymers:  fast  response  non-linear  optical  materials," 
Synthetic  Metals  15  (1986)  95-104. 


[90]  Kurtz,  H.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific 

Research: National  Academy  of  Sciences,  Washington,  D.C., 
April,  1988. 

[91]  Le  Grange,  J.D.,  Kuzyk,  M.G.,  Singer,  K.D.,  "Effects  of 
order  on  nonlinear  optical  processes  in  organic  molecular 
materials,"  Mol.  Cryst.  Liq.  Cryst.  150b  (1987)  567-605. 

[92]  Willand,  C.S.,  Feth,  S.E.,  Scozzafava,  M.,  Williams,  D.J., 
Green,  G.D.,  Weinschenck,  J.I.,  Hall,  H.K.,  Mulvaney,  J.E., 
"Electric-Field  Poling  of  Nonlinear  Optical  Polymers,"  in 
Prasad.  P.,  Ulrich,  D.  (ed.).  Nonlinear  Optical  and 
Electroactive  Polymers.  Plenum  Press: New  York,  1988. 

[93]  Singer,  K.D.,  Kuzyk,  M.G.,  Sohn,  J.E.,  "Orientationally 
Ordered  Electro-Optic  Materials",  in  Prasad.  P.,  Ulrich,  D. 
(ed.).  Nonlinear  Optical  and  Electroactive  Polymers. 

Plenum  Press: New  York,  1988. 

[94]  Pantelis,  P.,  Hill,  J.R.,  Davies,  G.J.,  "Poled 

Copoly (Vinylidene  Fluoride-Trif luoroethylene)  As  A  Host  for 
Guest  Nonlinear  Optical  Molecules",  in  Prasad.  P.,  Ulrich, 
D.  (ed.),  Nonlinear  Optical  and  Electroactive  Polymers. 
Plenum  Press: New  York,  1988. 

[95]  Barraud,  A.,  Vandevyer,  M.,  "Chapter  II-5.  Growth  and 
Characterization  of  Organic  Thin  Films  (Langmuir-Blodgett 
Films),"  in  Chemla,  D.,  Zyss,  J.  (ed.).  Nonlinear  Optical 
Properties  of  Organic  Molecules  and  Crystals.  Volume  1. 
Academic  Press: New  York,  1987. 


[96]  Stamanoff,  J.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific 

Research: National  Academy  of  Sciences,  Washington,  D.C., 
April,  1988. 

[97]  Griffin,  A.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific 

Research: National  Academy  of  Sciences,  Washington,  D.C., 
April,  1988. 

[98]  Lytel,  R.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific 

Research: National  Academy  of  Sciences,  Washington,  D.C., 
April,  1988. 

[99]  Le  Barny,  P.,  et  al.,  "Soine  new  side  chain  liquid 
crystalline  polymers  for  nonlinear  optics,"  SPIE  Molecular 
and  Polymeric  Optoelectronic  Materials:  Fundamentals  and 

!  682  (1986)  56-64. 


[100]  Meredith,  G.,  Van  Dusen,  J.,  Williams,  D.  "Optical  and 
Nonlinear  Optical  Characterization  of  Molecularly  Doped 
Thermotropic  Liquid  Crystalline  Polymers,"  Macromolecules 
15  (1982)  1385-1389. 

[101]  Marks,  T.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific 

Research: National  Academy  of  Sciences,  Washington,  D.C., 
April,  1988. 

[102]  Tripathy,  S.,  "Topical  Workshop  on  Organic  and  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  May,  1988. 

[103]  Peterson,  I.,  "Topical  Workshop  on  Organic  and  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  May,  1988. 

[104]  Richardson,  T.,  "Topical  Workshop  on  Organic  and  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  May,  1988. 

[105]  Allen,  S.,  et  al.,  "Second  harmonic  generation  by 
Langmuir-Blodgett  multilayers  of  an  organic  azo  dye,"  SPIE 
Molecular  and  Polymeric  Optoelectronic  Materials: 
Fundamentals  and  Applications  682  (1986)  97-102. 

[106]  Kowel,  S.T.,  Hayden,  L.M.,  Selfridge,  R.H.,  "Second-order 
optical  effects  in  multilayer  polymeric  thin  films,"  SPIE 
Molecular  and  Polymeric  Optoelectronic  Materials: 
Fundamentals  and  Applications  682  (1986)  103-108. 

[107]  Rickert,  S.E.,  Lando,  J.B.,  "integrated  Langmuir  devices: 
structural  and  microprocessing  methods,"  SPIE  Molecular  and 
Polymeric  Optoelectronic  Materials:  Fundamentals  and 
Applications  682  (1986)  109-112. 

[108]  Gerbi,  D.,  "Topical  Workshop  on  Organic  and  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  May,  1988. 

[109]  Weber,  M.J.  (ed.),  CRC  Handbook  of  Laser  Science  and 
Technology.  Volume  III.  Optical  Materials  Parti:  Nonlinear 
Optical  Properties/Radiation  Damage.  CRC  Press,  Inc.: Boca 
Raton,  Florida,  1986. 

[110]  Chang,  T.Y.,  "Fast  self-induced  refractive  index  changes  in 
optical  media:  a  survey,"  Optical  Engineering.  20,  (1981) 
220-232. 

[111]  Carter,  G.M.,  Chen,  Y.J.,  Tripathy,  S.K.,  "Intensity 
dependent  index  of  refraction  in  organic  materials," 

Optical  Engineering  24  (1965)  609-612. 


[124]  Chemla,  D.,  Zyss,  J.  (ed.).  Nonlinear  Optical  Properties  of 
Organic  Molecules  and  Crystals.  Volume  2,  Academic 
Press :New  York,  1987. 

[1251  Sauteret,  C.,  Hermann,  J.-P.,  Frey,  R.,  Pradere,  F., 
Ducuing,  J.,  Baughman,  R.H.,  Chance,  R.R.,  "Optical 
nonlinearities  in  one-dimensional-conjugated  polymer 
crystals,"  Phys.  Rev.  Lett.  36  (1976)  956-959. 

[126]  Kobayashi,  T.,  "Gain,  lasing,  and  nonlinear  optical 
properties  of  giant  dipole  molecules  and  polydiacetylene," 
SPIE  Molecular  and  Polymeric  Optoelectronic  Materials; 
Fundamentals  and  Applications  682  (1986)  12-19. 

[127]  Ho,  P.P.,  et  al.  "Ultrafast  nonlinear  optical  processes  in 
4BCMU-polydiacetylene, "  SPIE  Molecular  and  Polymeric 
Optoelectronic  Materials:  Fundamentals  and  Applications  682 
(1986)  36-43. 

[128]  Etemad,  S.,  Baker,  G.L.,  Jaye,  D. ,  Kajzar,  F.,  Messier,  J., 
"Linear  and  nonlinear  optical  properties  of  poly ace t y lene, " 
SPIE  Molecular  and  Polymeric  Optoelectronic  Materials: 
Fundamentals  and  Applications  682  (1986)  44-49. 

[129]  Seymour,  R.J,,  Carter,  G.M.,  Chen,  Y.J.,  Elman,  B.S., 
Rubner,  M.E.,  Thakur,  M.K.,  Tripathy,  S.K., 

"Polydiacetylene  Polymeric  Crystals  for  Nonlinear  Optical 
Applications,"  SPIE  Advances  in  Materials  for  Active  Optics 
567  (1985)  56-61. 

[130]  Chollet,  P.A.,  Kajzar,  F.,  Messier,, J.,  "Frequency  and 
Temperature  Variations  of  Cubic  Susceptibility  in 
Polydiacetylenes,"  in  Prasad,  P.,  Ulrich,  D.  (ed.). 
Nonlinear  Optical  and  Electroactive  Polymers.  Plenum 
Prei^s:New  York,  1988. 

[131]  Nakanishi,  H.,  "Topical  Workshop  on  Organic  and  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  Nay,  1988. 

[132]  Thakur,  M.,  "Topical  Workshop  on  Organic  and  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  May,  1988. 

[133]  Carter,  G.M.,  Thakur,  M.K.,  Chen,  Y.J.,  Hryniewicz,  J.V., 
"Time  and  wavelength  resolved  nonlinear  optical 

spectroscopy  of  a  polydiacetylene  in  the  solid  state  using 
picosecond  dye  laser  pulses,"  Appl.  Phys.  Lett.  47  (1985) 
457-459. 

[134]  Tokura,  Y.,  Koda,  T.,  Itsubo,  A.,  Niyabayashi,  M. ,  Okuhara, 
K.,  Ueda,  A.,  "Optical  spectra  in  polydiacetylene  crystals 
substituted  with  f luororbenzenes> "  J.  Chem.  Phys.  85  (1986) 
99-104. 


[135]  Bloor,  D.,  "Experimental  studies  of  polydiacetylene:  model 
conjugated  polymers,"  Recent  Advances  in  the  Quantum  Theory 
of  Polymers,  Workshop  Proceedings  (1980)  14-34. 

[136]  Carter,  G.M.,  Chen,  Y.J.,  Georger,  J.  Jr.,  Hryniewicz,  J., 
Rooney,  M.,  Rubner,  M.F.,  Samuelson,  L.A.,  Sandman,  D.J., 
Thakur,  M.,  Tripathy,  S.,  "Polydiacetylene:  The  ideal  low 
dimensional  organic  material,"  Mol.  Cryst.  Lig.  Cryst.  106 
(1984)  259-268. 

[137]  Ho,  P.P.,  Yang,  N.L.,  Jimbo,  T.,  Wang,  Q.Z.,  Alfano,  R.R., 
"Ultrafast  resonant  optical  Kerr  effect  in 
4-butoxycarbonylmethylurethane  polydiacetlylene, "  J.  Opt. 
Soc.  Am.  B4  (1987)  1025-1029. 

[138]  Cong,  P.,  Pang,  Y.,  Prasad,  P.,  "Degenerate  four  wave 
mixing  study  of  conformational  transition  of  a 
polydiacetylene,  poly-4-BCMU,  in  solution,"  J.  Chem.  Phys. 
85  (1986)  1077-1080. 

[139]  Carter,  G.M.,  "Excited-state  dynamics  and  temporally 
resolved  nonresonant  nonlinear-optical  processes  in 
polydiacetylenes,"  J.  Opt.  Soc.  Am.  B4  (1987)  1018-1024. 

[140]  Wolfe,  J.F.,  "Rigid  aromatic  heterocyclic  polymers  for 
nonlinear  optics,"  SPIE  Molecular  and  Polymeric 
Optoelectronic  Materials:  Fundamentals  and  Applications  682 
(1986)  70-76. 

[141]  Wolfe,  J.F.,  Bitler,  S.P.,  "Rigid  Aromatic  Heterocyclic 

Polymers:  Synthesis  of  Polymers  and  Oligomers  Containing 

Benzazole  Units  for  Electrooptic  Applications,"  in  Prasad, 
P.,  Ulrich,  D.  (ed.).  Nonlinear  Optical  and  Electroactive 
Polymers.  Plenum  Press :New  York,  1988. 

[142]  Dalton,  L.R.,  "Role  of  delocalized  pi  electrons  in 
nonlinear  optical  and  electrical  conductivity  properties 
of  polymers,"  SPIE  Molecular  and  Polymeric 
Optoelectronic  Materials : Fundamentals  and  Applications 
682  (1986)  77-84. 


[143]  Frazier,  C.C.,  Guha,  S.,  Chen,  W.P.,  Cockerham,  M.P., 
Porter,  P.L.,  Chauchard,  E.A.,  Lee,  C.H.,  "Third-order 
optical  non-linearity  in  metal-containing  organic 
polymers,"  Polymer  28  (1987)  553-555. 

[144]  Chauchard,  E.,  "Topical  Workshop  on  Organic  and  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  May,  1988. 

[145]  Kajzar,  F.,  Messier,  J.,  Rosillio,  C.,  "Nonlinear  optical 
properties  of  thin  films  of  polysilane,"  J.  Appl.  Phys.  60 
(1986)  3040-3044. 


[146]  Hache,  P.,  Ricard,  D.,  Flytzanis,  C.,  "Optical 
nonlinearities  of  small  metal  particles:  surface-mediated 
resonance  and  quantaum  size  effects,"  J.  Opt.  Soc.  Am.  B3 
(1986)  1647-1655. 

[147]  Matsumoto,  S.,  Kubodera,  K.,  Kurihara,  T.,  Kaino,  T., 
"Nonlinear  optical  properties  of  an  azo  dye  attached 
polymer,"  Appl.  Phys.  Lett.  51  (1987)  1-2. 

[148]  Kramer,  M.,  Tompkin,  W.,  Boyd,  R.  "Nonlinear-optical 
interactions  in  fluorescein-doped  boric  acid  glass," 
Physical  Review  A34  (1986)  2026-2031. 

[149]  Tompkin,  W.R.,  Boyd,  W.R.,  "Nonlinear-optical  properties  of 
lead- tin  fluorophosphate  glass  containing  acridine  dyes," 

J.  Opt.  Soc.  Am.  B4  (1987)  1030-1034. 

[150]  Singer,  K.D.,  Lalama,  S.L.,  Sohn,  J.E.,  Small,  R.D., 
"Chapter  II-8.  Electro-Optic  Organic  Materials,"  in 
in  Chemla,  D.S.,  Zyss,  J.  (ed.).  Nonlinear  Optical 
Properties  of  Organic  Molecules  and  Crystals ,  Volume  1 , 
Academic  Press: Mew  York,  1987. 

[151]  Andersson,  G.,  Dahl,  I.,  Keller,  P.,  Kuczynski,  W., 
Lagerwall,  S.T.,  Skarp,  K.,  Stabler,  B.,  "Submicrosecond 
electro-optic  switching  in  the  liquid-crystal  smetic  A 
phase:  The  soft-mode  ferroelectric  effect,"  Appl.  Phys. 
Lett.  51  (1987)  640-642. 

[152]  Patel,  J.S.,  "Electro-optics  of  ferroelectric  liquid 
crystals,"  Optical  Engineering  26  (1987)  129. 

[153]  Wong,  K.Y.,  Garito,  A.F.,  "Third-harmonic-generation  study 
of  orientational  order  in  nematic  liquid  crystals," 

Physical  Review  A34  (1986)  5051-5058. 

[154]  Patel,  J.,  Goodby,  J.  "Ferroelectric  Liquid  Crystal 
Devices,"  SPIE  Nonlinear  Optics  and  Applications  613 
(1986)  130-134. 

[1551  Khoo,  I.C.,  "Nonlinear  optics  of  nematic  liquid  crystals," 
SPIE  Molecular  and  Polymeric  Optoelectronic  Materials; 
Fundamentals  and  Applications  682  (1986)  132-134. 

[156]  Soileau,  M.J.,  Van  Stryland,  E.W.,  Guha,  S.,  "Two-photon 
absorption  and  nonlinear  refraction  in  isotropic  liquid 
crystals,"  SPIE  Molecular  and  Polymeric  Optoelectronic 
Materials;  Fundamentals  and  Applications  682  (1986) 

135-137. 

[157]  Wong,  K.Y.,  Garito,  A.F.,  "Liquid  crystal  orientational 
distribution  functions  and  third  harmonic  generation,"  SPIE 


[158]  Khoo,  I.C.,  Normandin,  R.,  "Nanosecond-laser-induced 
optical  wave  mixing  and  ultrasonic  wave  generation  in  the 
nematic  phase  of  liquid  crystals,"  Optics  Letters  9  (1984) 
285-287. 

[159]  Fekete,  D.,  AuYeung,  J.,  Yariv,  A.  "Phase-conjugate 
reflection  by  degenerate  four-wave  mixing  in  a  nematic 
liquid  crystal  in  the  isotropic  phase,"  Optics  Letters  5 
(1980)  51-53. 

[160]  Ulrich,  D.,  "Nonlinear  Optical  and  Electroactive  Polymers: 
An  Overview,"  in  Prasad,  P.,  Ulrich,  D.  (ed.),  Nonlinear 
Optical  and  Electroactive  Polymers.  Plenum  Press: New 
York,  1988. 

[161]  Pepper,  D.M.,  "Optical  Phase  Conjugation,"  Optical 
Engineering  21  (1982)  156-183. 

[162]  Gunter,  P.  (ed.),  Electro-ootic  and  Photorefractive 
Materials.  Proceeding  of  the  International  School  on 
Material  Science  and  Technology,  Springer-Verlag:New  York, 
1986. 

[163]  Glass,  A.M.,  Klein,  M.B.,  Valley,  G.C.,  "Fundamental  Limit 
of  the  Speed  of  Photorefractive  Effect  and  its  Impact  on 
Device  Applications  and  Material  Research:  Comment,"  Appl. 
Optics  26  (1987)  3189. 

[164]  Yeh,  P.,  "Fundamental  Limit  of  the  Speed  of  Photorefractive 
Effect  and  its  Impact  on  Device  Applications  and  Material 
Research:  Author's  Reply  to  Comment,"  Appl.  Optics  26 
(1987)  3189. 

[165]  Swartzlander,  G.,  Kaplan,  A.  "Self-deflection  of laser  beams 
in  a  thin  nonlinear  film,"  J.  Opt.  Soc.  Am.  B5  (1988) 
765-768. 

[166]  Sari,  S.O.,  Rogovin,  D.,  "Degenerate  four-wave  mixing  from 
anisotropic  artificial  Kerr  media,"  Optics  Letters  9 
(1984)  414-416. 

[167]  Robinson,  B.H.,  Schurr,  J.M.,  Kwiram,  A.L.,  Thomann,  H., 
Kim,  H.,  Morrobel-Sosa,  A.,  Bryson,  P.,  Dalton,  L.R., 
"Evidence  for  soli ton-phonon  interaction  in 
trans-polyacetylene:  temperature  and  frequency  dependence 
of  electron  spin-lattice  relaxation  data,"  J.  Phys.  Chem. 

89  (1985)  4994-5002. 


[168]  Shibata,  N.,  Azuma,  T.,  Tateda,  M.  "Identification  of 

longitudinal  acoustic  modes  guided  in  the  core  region  of  a 
single-mode  optical  fiber  by  Brillouin  gain  spectra 
measurements,"  Optics  Letters  13  (1988)  595-597. 


[169]  Palmer,  A.  "Nonlinear  optics  in  aerosols,"  Optics  Letters 
5  (1980)  54-55. 

[170]  Smith,  P.,  Ashkin,  A.,  Tomlinson,  W.  "Four-wave  mixing  in 
an  artifical  Kerr  medium,"  Optics  Letters  6  (1981)  284- 
286. 

[171]  Wang,  Y.,  Bernstein,  M.,  Stevenson,  S.H.,  "Nonlinear 
optics  of  molecular  aggregates,"  SPIE  Molecular  and 
Polymeric  Optoelectronic  Materials;  Fundamentals  and 
Applications  682  (1986)  50-54. 

[172]  Eich,  M.,  Reck,  B.,  Ringsdorf,  H.,  Wendorff,  J.H., 
"Reversible  digital  and  holographic  optical  storage  in 
polymeric  liquid  crystals,"  SPIE  Molecular  and  Polymeric 
Optoelectronic  Materials:  Fundamentals  and  Applications  682 
(1986)  93-96. 

[173]  Massey,  G.A.,  Bowersox,  S.H.,  "Organic  nonlinear  materials 
for  laser-electron  beam  generation,"  SPIE  Molecular  and 
Polymeric  Optoelectronic  Materials:  Fundamentals  and 
Applications  682  (1986)  113-118. 

[174]  Stevenson,  S.H.,  Meredith,  G.R.,  "New  methods  in  third 
harmonic  generation  and  molecular  systematics, "  SPIE 
Molecular  and  Polymeric  Optoelectronic  Materials; 
Fundamentals  and  Applications  682  (1986)  147-152. 

[175]  Khanarian,  G.,  et  al.,  "Electro-optic  and  third  harmonic 
generation  studies  of  polymer  alloys  and  solutions,"  SPIE 
Molecular  and  Polymeric  Optoelectronic  Materials: 
Fundamentals  and  Applications  682  (1986)  153-158. 

[176]  Small,  R.D.,  Singer,  K.D.,  Sohn,  J.E.,  Kuzyk,  M.G.  Lalama, 

S.J.,  "Thin  film  processing  of  polymers  for  nonlinear  - 

optics,"  SPIE  Molecular  and  Polymeric  Optoelectronic 
Materials;  Fundamentals  and  Applications  682  (1986) 

160-169. 


[177]  Kashyap,  R. ,  "Nonlinear  optical  interactions  in  devices 
with  cylindrical  geometry,"  SPIE  Molecular  and  Polymeric 
Optoelectronic  Materials:  Fundamentals  and  Applications  682 
(1986)  170-178. 

[178]  Stegeman,  G.I.,  Seaton,  C.T.,  "Third-order  nonlinear 
guided-wave  optics,"  SPIE  Molecular  and  Polymeric 
Optoelectronic  Materials;  Fundamentals  and  Applications 
682  (1986)  179-186. 

[1791  Franke,  H.,  Knabke,  G.,  Reuter,  R.,  "Optical  waveguiding  in 
polyimide,"  SPIE  Molecular  and  Polymeric  Optoelectronic 


[180]  Hermann,  J.,  Smith,  P.  Digest  of  Technical  Papers  from  XI 
International  Quantum  Electronics  Conference,  Boston,  MA 
June  23-26,  1980  (IEEE,  New  York,  1980),  Paper  T6,  656-657. 

[181]  Wolff,  P.,  Yuen,  S.,  Harris,  K. ,  Cook,  J.,  Schetzina,  J. 
Appl.  Phys.  Lett.  50  (1987)  1858-1860. 

[182]  Wang,  Y.,  Mahler,  W.,  "Degenerate  four-wave  mixing  of 
CdS/polymer  composite,"  Optics  Communications  61  (1987) 
233-236. 

[183]  Bergot,  M.,  Fermann,  M.,  Li,  L.,  Poyntz-Wright,  L., 

Russell,  P.,  Smithson,  A.  "Generation  of  permanent 
optically  induced  second-order  nonlinearities  in  optical 
fibers  by  poling,"  Optics  Letters  13  (1988)  592-594 

[184]  Stegeman,  G.I.,  Seaton,  C.T.,  Zanoni,  R.,  "Organic  films  in 
non-linear  intergrated  optics  structures,"  Thin  Solid  Films 
152  (1987)  231-263. 

[185]  Phu  Xuan,  N.,  Ferrier,  J.,  Gazengel,  J.,  Rivoire,  G., 
"Picosecond  measurements  of  the  third  order  susceptibiltiy 
tensor  in  liquids,"  Optics  Commumications  51  (1984) 

433-437. 

[186]  Eich,  M.,  Wendorff,  J.,  Ringsdorf,  H.,  Schmidt,  H., 
"Nonlinear  optical  self  diffraction  in  a  mesogenic  side 
chain  polymer,"  Makromol.  Chem  186  (1985)  2639-2647. 

[187]  Domash,  L.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific  Research: National 
Academy  of  Sciences,  Washington,  D.C.,  April  1988. 

[188]  Karasz,  F.,  "Nonlinear  Optical  Polymers  Contractors 
Meeting^-^Air  Force  Office  of  Scientific  Research: National 
Academy  of  Sciences,  Washington,  D.C.,  April  1988. 

[189]  Egbert,  W. ,  "Nonlinear  Optical  Polymers  Contractors 
Meeting,"  Air  Force  Office  of  Scientific  Research: National 
Academy  of  Sciences,  Washington,  D.C.,  April  1988. 

[190]  Prasad,  P.N.,  Casstevens,  M.K.,  Pfleger,J.,  Logsdon,  P., 
"Nonlinear  Optical  Interactions  in  Langmuir-Blodgett 
Organic  Semiconductor  Heterostructures,"  SPIE 
Multifunctional  Materials.  878  (1988)  106-113. 

[191]  Hoffman,  C.A.,  Meyer,  J.R.,  Youngdale,  E.R.,  Lindle,  J.R., 
Bartoll,  F.J.,  Han,  J.W.,  Cook,  J.W.,  Schetzina,  J.F.,  Chu, 
W.,  Faurle,  J.P.,  Schulman,  J.N.,  "Electro-optical  and 
Nonlinear  Optical  Characterization  of  Narrow-gap 
Superlattices,"  SPIE  Multifunctional  Materials.  878  (1988) 
47-55. 


[192]  Barbara,  P.F.,  "Ultradelocalized  Aromatics  -  A  New  Class  of 
Optical  Media,"  SPIE  Multifunctional  Materials.  878  (1988) 
65-75. 

[193]  Dalton,  L.R.,  "Design  of  Polymers  with  Desirable 
Semiconductor,  NLO,  and  Structural  Properties,"  SPIE 
Multifunctional  Materials.  878  (1988)  102-106. 

[194]  Lipscomb,  G.F.,  "Topical  Workshop  on  Organic  Polymeric 
Nonlinear  Materials,"  American  Chemical  Society : Virginia 
Beach,  Virginia,  May,  1988. 

[195]  Palffy-Muhoray,  P.,  Lee,  M.  A.,  West,  J.L.,  Liquid  Crystal 
Institute,  Kent  State  University,  Poster  Session  at 
"Topical  Workshop  on  Organic  Polymeric  Nonlinear 
Materials,"  American  Chemical  Society : Virginia  Beach, 
Virginia,  May,  1988. 

[196]  Sansone,  M.,  "SLA  Session,  Laser  Hardened  Materials  Program 
Review,  Air  Force,"  Kossiakoff  Conference  and  Education 
Center,  Applied  Physics  Laboratory,  Johns  Hopkins 
University,  September,  1988. 


